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JIABOPATOPHAS PABOTA M-12
N3YYEHUE INUHAMUNKHAU
TBEPAOI'O TEJIA HA YCTAHOBKE
«MAATHUK YUJIBEP®OPCA»

1. Jenb pabomsi

N3yuenne 3aKk0HOB TMHAMHKHK a0COJIOTHO TBEPJOTO Tejia Ha MpuMepe Koseba-
HUW MasTHHKA Ha MPYXKUHE, ONMBITHOE ONMPE/ICICHUE XapaKTEPUCTUK MPYKUHBI U MO-
MEHTa UHEPIIMH MOABEIIEHHOTO K MPY>KUHE Tea.

2. [lodeomoeka k pabome

N3yuute TeopeTHyeckuili MaTepuall Mo JeKIUsIM Win yueOHuky [1-3]: monensb
a0COJIIOTHO TBEPJIOTO TeJa, YpaBHEHUs AMHAMHUKU JJIS MOCTYIATEIbHOTO M Bpalia-
TEJIBHOTO JABWXXEHHUS TBEPAOrO TEJIa, MOMEHT MHEPLUUHU, YIPYTUe CUJIbl, FApMOHHUYE-
ckue koyiebanusi, MasTHUK. [IpounTaiite Taxke pasaensl 3 U 4 METOIUYECKOTO OMU-
CaHMsl, 03HAKOMbBTECh C KOHCTPYKIUEH J1abOpaTOPHOrO CTEHAA, MOPAIKOM IIPOBEe-
HUS U3MEpEeHU n 00pabOTKM UX pe3ynbTaroB. [[0AroToBbTE MPOEKT OTYETA MO Jia-
O6opaTopHOit paboTe, BKIIOYarONuii paboune (hopmyIibl, CXeMbl  TIOJATOTOBIICHHBIC K
3anojaHeHuto Tabauuel. IloTpenupyiitech oTBedaTh Ha BOIPOCHI U3 pas3zesia 7 TaHHO-
ro onuca”us U odoyuaroniero tecra (Ha caire kadenpsl puzuku wim CD).

3. Kpamkasi meopus

Bropoii abctpakiueii (mocie Mojiend MaTepruaibHON TOYKH), ¢ KOTOPOM MPUXO-
IUTCA UMETh NIEJI0 B MEXAHUKE, SIBIIETCS MOJEIb aOCOIOMHO mMEepoozo mena
(ATT) — Tena, nedopmarsiMd KOTOPOTO B YCIOBUSX JIAHHOW 3a7a4d MOXKHO TIpe-
HeOpeub. Beskoe neukenne ATT MOXKHO pa3sioKUTh Ha JIBa OCHOBHBIX BHJIA JIBUXKE-
HUSI — TIOCTYIIATEJIbHOE M BpauaTesbHOE. B 4acTHOCTH, MOKHO CJI0KHOE JBUKEHUE
ATT paccmarpuBaTh Kak moctymnarenbHoe ABWKeHHne 1eHtpa macc ATT u Bpama-
tenbHOe ABkeHne ATT BOKpyr ocH, MPOXOSIEel yepe3 ero HeHTp Macc.

Lentp macc ATT nBuxkeTcs Tak, Kak JBUTANach Obl MaTepHalbHAs TOUKA C Mac-
COM, paBHOM Macce Tena, o ACUCTBUEM BCEX MPHUIIOKEHHBIX K TE€ITy BHEITHUX CHIL:

mc_iHM = ZF;,BHeIHH : (1)

Junamuka BpamarenbHoro nrxkeHuss ATT BOKpyr HEMOABUAKHON OocH (HaIpu-
Mep, ocu 0z, mpoxoAsuiel 4yepe3 €ro LEHTP MAacC) OMUCHIBAETCS aHAJOTHYHBIM I10
(dopMe ypaBHEHHEM, KOTOPOE HA3bIBACTCS OCHOBHBLIM YyPAGHEHUEM OUHAMUKU 6pa-
uwiamenvrno2o osuxcenuna ATT. B npoekiiuu Ha OCh BpallleHUs OHO UMEET BUI:

IZBZ = ZMi,Z,BHCHJH ’ (2)
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rae [, — moment unepiu ATT oTHOCUTENBHO Oocu BpaiueHus 0z, B, — yriioBoe ycKo-
penue BpauatensHoro asxkenus ATT Bokpyr ocu 0z, M, ; pyemn — MOMEHTBI BHEIII-
HUX CHJI OTHOCHTEIILHO OCH BpalieHus. MOMEHT CHUJIbI OTHOCUTEBHO OCH XapaKTe-
pHU3YET COCOOHOCTh CUJIBI YCKOPSTh WM 3aMEIJIATh BpallaTelIbHOE JABUKEHHUE Tela
BOKPYT 3TOM ocu. Mo1y1b MOMEHTA CUJIbl OTHOCUTENBHO ocHu 0z (puc. 1) Beruucisier-
cst o popmyie:
|M_|=R-F, (3)
rae R — miedo cuisl oTHOcuTeNbHO ocu 0z (puc.l), /| — cocTaBisiromas CUIbl, Ha-
A MpaBJICHHAs] TI0 KacaTeJIbHOM K OKPYXHOCTHU
pamuyca R. Ecim Bextop F '| obpasyer ¢ Ha-
M MIPABJICHUEM OCHU z ITPABOBUHTOBYIO CUCTEMY,
TO HpPOEKIHs MoMeHTa cuibl M, uMeer mo-
JIOKUTENbHBIN 3HAK.

- R ,
- s F ComnoctaBuB (OpMyJibl BpallaTeIbHOTO
"""""""" / 1 M mocrymarenbHOro JBMIKEHWH, MPUBEIEH-
i HBIC B Ta6J'II/II_[€ 1, MOKHO CA€JIaTh BbIBOA, UTO
v

HAOII0JIaeTCS COOTBETCTBHE MEXIY MOMECH-

0 Puc. 1 TOM HWHEpUMH M Maccou. [loaTomy MOXKHO
CIENaTh 3aKIOYEHUE, YTO MOMEHT HHEPUUHU

XapaKTEpPU3yeT MHEPTHBIE CBOKMCTBA TEJIA BO BPAILIATEIIbHOM JIBUKECHHHU.

Tabauma 1
XapakTEepUCTUKU ABUIKECHUS TBEPAOTO Tea
IToctynarenbHOE IBUKEHHUE BpamarenbHoe ABUKEHUE
Macca (uaepuusi) — m MowmeHT unepuuu — [
Cuna — F MOMEHT CHJIBI — M=rxF
[Ipoekiusa nmmynbca — [Ipoekiust MOMEHTa UMITyJIbca™ —
})x = mUx LZ = IZCOZ
YpaBHeHUs TUHAMUKHU (TPOCSKITNH)
dP dL
F. = d":max M, = dZ:IZBZ
4 4
Kunernueckas sHeprus
2 2
o mo T I o]
2 2

* , - yrioBas CKOpocTh BpamiarenbHoro asmxkenus ATT Bokpyr ocu 0z.

Bennunna MOMeHTa MHEPLIMM TBEPAOIrO TEJIa 3aBUCUT OT MAcChl U €e pachupesie-
JIEHUS] OTHOCHUTEJIbHO OCH BpAILEHHUs. 3aJjaya pacueTa MOMEHTA UHEPIIMU CBOIUTCS K
CYMMHUPOBAHHIO B CIIy4yae JAMCKPETHOTO pacIpeiesieHus MAacChl WIM K MHTErpUpOBa-
HUIO [IPU HEMPEPHIBHOM PACTIPEEICHUH MacChl B 00beMe V' 1o popmyiiam:



I, :Z:ml-Rl.2 1507051 1, =IpR2dV, 4)
i 4

rae R; = \/xl.z + yl-2 — paguyc BpalleHus Macchl M; BOKpyT ocu 0z, p — IIIOTHOCTh Ma-

Tepuana, R =+/x* + y* — pamuyc Bpamienus s1ementa obsema d V), mMeromero maccy

pdV . ®opmynsl (4) oToOpaxkarOT CBOMCTBO @0OUMUBHOCHIU MOMCHTA WHEPIIUU —
MoMeHT uHepiuu ATT, cocrosiero u3 HECKOJIbKUX YacTel, paBeH CyMME MOMEHTOB
MHEpLUHU 3THX YacTeil. Jljid pacuera MOMEHTa HHEPLUU Tea [, OTHOCUTENBHO MTPOU3-
BOJIBHOW OCH z UCIIOJIb3YIOT meopemy Illmeiinepa:

_ 2
I, =1,,+mRy, (5)
rjae /y, — MOMEHT MHEpLUUU OTHOCUTENBHO OCH, MPOXOAUICH Yepe3 LEeHTp Macc U Ma-

paJUIeIbHOM 3aJaHHOM OCHU z, R,— pacCTOSHHE MEXAY dTUMH OCSIMH. B OONbIIMHCT-

Be ciry4yaeB (opmysia g pacueTa MOMEHTa MHEPIMH Tejla OTHOCUTEIBHO OCH, MPO-
XOASIIEN Yyepe3 LUEHTP Macc, UMEET BUL

I, = kmR?, (6)
rae k <1 — koaddunuent, 3apucsmuii ot GopMbI TeNa, m — Macca Tena, R — paguyc
BpalICHHUs] TOYKH TeJla, MAaKCUMAJIbHO yAalleHHOW OT ocu. Hampumep, nns obpyda
WJIM KOJIbIIA MAJIOW TOJIIIUHBI k£ = 1, 171 Aucka (CIUIomHoro muinHapa) k = 1/2, mis
CTEpKHS (OTHOCUTEIHHO OCH, TIEPIICHIUKYIISIPHOM K CTEPIKHIO U TPOXOJIAIIEH depes
ero cepenuny) k= 1/12.

4. Memooduka npoeedeHust 3KcrepuMeHma u onucaHue ycmaHo8KuU

MasitHuk Yunbepdopca cOCTOUT U3 METATMYECKOTO IMIHHIpa [, cHabKeHHO-

! ro crnuien 4 ¢ nepemMenaeMbiMu Mo HEW Tai-
kamu 5 (puc. 2). llunuuap coeawHeH ¢ Tpy-
KUHOU 2, BEPXHUM KOHEIl KOTOPOW 3aKpeIi€éH
Ha matdopme ctoiiku 3. Ilpyxuna obnagaet
npofosibHON (k) m kpyTuibHOUM ((G) KecTKo-
CTbIO, MO3TOMY MAsTHHUK MOXET COBEpIIATH
KaK TMPOJIOJIbHBIC, TaK U KPYTWIbHBIC KOJIeOa-
HUSL.

Bribepem cucremy KOOpAHMHAT, B KOTO-
poit ock 0z coBnmagaer ¢ BEPTUKAIBHOU OCBIO
MasTHUKA. ECM OTKJIIOHUTH MasiTHUK B BEPTH-
KaJIbHOM HalpaBJICHUH HAa Malyl0 BEJIMYUHY Z
OT MOJIOKEHUsI paBHOBECHUsI 0€3 MOBOpPOTa BO-
KpyT CBOEH OCH, TO Ha HErO HA4YHET JEHCTBO-

BaTh BO3BPAINAOIIAsl K PAaBHOBECHIO CHJIa!
Puc. 2. F =—kz.

z

B oTtoM cnydae ypaBHEHME IMHAMUKH
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MOCTYNaTEIbHOTO JBIKCHUS MasTHUKA (cM. (1))

d’z
m—s-= —kz
dt
MOJKHO MPUBECTH K CIICAYIOMEMY YPAaBHECHHIO TAPMOHUYCCKUX KOJICOAHU:
d’z
_d ~+ oof[pz =0,
X
k
(an = ) (7)
m
m =my + my + 2my, (8)

II€ Oy, — LUKIMYECKAs YacTOTa IPOJOIbHBIX KOJIEOaHUMH, m| — Macca UHIMHAPA, M)
— Macca CIHIbI, My — Macca OJHON ralKH.

Ecny nmoBepHYyTh MasgTHUK BOKPYT CBOEH OCU Ha HEKOTOPBIA MaJblil yroil ¢ OT
MOJIOKEHUS] paBHOBECHS 0€3 OTKJIOHEHUS! B BEPTUKAJIBHOM HalpaBJICHUH, TO HA HETO
HAYyHET JCHCTBOBATh BO3BPAIIAIOLIUNA K PABHOBECUIO MOMEHT CHJIBI M, OTHOCUTEb-
HO DTOM OCH:

M. =-Go,

rae kodpduuueHt mponopunoHanabHOCTH (G HA3bIBACTCA KPYTHIIBHOM KECTKOCTBHIO
IpYyKUHBI. B 3TOM ciydae ypaBHEHHE NUHAMHMKH BPAIATEIbHOIO JIBMKECHHUS MAasiT-
HUKa (cM. (2))
d’e
dr’
MO’KHO IPUBECTH K CIEAYIOIEMY YPAaBHEHUIO TAPMOHUYECKUX KOJIEOaHUI:

d’¢

F

t

1 =-Go

2
+o,0=0,

o =./—, 9)

IJIE Oy, — HUKJINYECKas 4aCTOTa KPYTUIIbHBIX KOJ€OaHuM, / - MOMEHT HHEPLIMU MasT-
HUKa (BKJIIOYAs CIUILY C raifkamH).

B cootBercTBuu ¢ hopmynamu (7) u (9) nepuo il MpOAOTBHBIX U KPYTHIBHBIX
Kos1e0aHnil MasiTHUKA COOTBETCTBEHHO PABHBI:

m

Tnp=2n ;, (10)
1

T;(pzzTC E (11)

®opmyna (10) mo3BoJsieT MO AKCIEPUMEHTATbHBIM 3HAYEHUSIM MEepuojaa Mpo-
JOJIbHBIX KOJeOaHuil (mIpu KM3BECTHOM Macce MasTHHUKA) PacCUUTaTh MPOJIOJIbHYIO
KECTKOCTh IIPYKUHBI:

k= . (12)
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Bennuuny T\, MOXHO PETyJIMPOBaTh, U3MEHAS MOMEHT MHEPIMM MasTHUKa [
IMyTeM IEepPEMEIICHHUS raek 5 BIONb CIHLBI 4 (IpH 3ToM nepuof Iy, HE U3MEHseTCs,
TaK KaK Macca MasiTHUKA /M M JKECTKOCTb MPY>KUHBI kK OCTAIOTCS MMOCTOSHHBIMU). To-
r/1a MOMEHT WHEPIIUU MasiTHUKA YI00HO 3aMucaTh B BUJIE

2
I=1,+2mJ", (13)
rae Iy — MOMEHT MHEepPUUHU UWIMHApPA CO COUIEei 0e3 yuera raek, / — paccTosiHue OT

OCH IWJIHHAPA OO0 LCHTPpAa ramku (HpeI[HOJIaFaeTCSI, YTO TalKH SBIISTFOTCS MaTcpualib-
HBIMHM TOYKAMHM C MacCOU my 1 CMCIIAIOTCA BCCraa CUMMCTPUYIHO OTHOCHUTCIIBHO OCH

HUAJTUHIPA).

T; N ®opmyna (11) comepxur nBe HEU3-
Y BeCTHbIE BenuuuHbl G u . Jng ux onpe-
10— JIEICHHs TIPEJBAPUTENILHO TPeodpasyem
dopmyny (11) ¢ yuerom (13) x OGoiee
8 = yA0OHOMY JIS JAIBHEUIINX pPacyeTOB
BHUJY C LIEJBIO MOJIYUYCHUS JIMHENHOU 3a-

6 = BUCUMOCTHU 7}; or [*:

8m°m 4

4 = TS = 02+ 1,. (14)

G
) 4 DTO ypaBHEHHE AaHAJIOTHYHO MaTe-
b MaTUYECKOM 3amucu ypaBHeHI/12}I prIMOfI
: : : : | , JmHEUM y=ax+b, tne y=T , x = [
0 20 40 60 80 P cv’ Ero MOXHO MCIOJNB30BaTh JUIS OINpejie-
Prc. 3 JICHUS KPYTHJIBHOM JKECTKOCTH MPY KUHBI

Y MOMEHTa MHEPLUHUHM UUIWH]IPA CO CIH-
neit /y. Jlng aToro mo pesyibTaTam JKCIEPUMEHTA CTPOUTCS TpaduK 3aBUCUMOCTH

2 2 )
T, ot [”. Ilpumep Takoro rpaguka npuBeAcH Ha puc. 3. YTI0BOH KOd((HUIHEHT Mo~
JTYYCHHOW TIPSIMOW @ CBSI3aH C KPYTHIJIBHOW JKECTKOCTHIO MPYKHUHBI G COOTHOIIIECHU-
em:
d(T?) 8n’m
a= k J 0
() G
PaccuuTaB ero mo moiaydeHHOMY TpaHKy Kak OTHOIIECHHUE KaTeTOB BCIIOMOTa-
TEIBHOTO TPSAMOYTOJIBHOTO TPEYTOJIbHWKA (C Y4EeTOM MaciiTtaba W pa3MepHOCTEH;

noipoOHbIE TMOSCHEHUs MPUBEACHBI Ha CTEHJE B JaOOpaTOpUU) MOXKHO MOJIYUHTh
KPYTHJIbHYIO K€CTKOCTb MPYKUHBI IO PopMyIie:

2
8n°m,

G= (15)
a

KoopauHata b TOUKH HepeceueH sl PsIMOii ¢ 0ChI0 OpAMHAT (0Chio 7°) CBSI3aHA
C MOMEHTOM MHEPIUU HWIHHAPA co cruilel (0e3 raek) /y u BennuuHoit G COOTHOIIIE-
HUEM:
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2
p=2" g
G

W3mepuB ee 10 rpaduiKy, MOKHO PacCUMTaTh MOMEHT WHEPIMH IWJIMHIPA CO

CIIHIICH:
= b_(i . (16)

4m
Takas nporeypa TpeOyeT OT IKCIIEPUMEHTATOPA OMPEICICHHBIX HABBIKOB, U €€
pe3yJbTaT CyHIECTBEHHO 3aBUCUT OT CYOBEKTHUBHBIX (hakTOpoB. OJIHUM U3 aHAJIUTHU-
YECKUX METOJIOB, MO3BOJISIONIUX CYIIECTBEHHO MOBBICUTH TOYHOCTh PACU€TOB U Olle-
HUTb OIIMOKY M3MEpPEHHs, SBJISICTCS MeTol HauMeHbmux kBaapaTtoB (MHK). B
HEM, 0CJIe MUHUMM3AIUU CPEIHEKBAAPATUYHOTO OTKJIOHEHHUS PE3yJIbTaTOB U3MEpe-
uuii 77 0T HCKOMOM PSIMOM JIMHUH, TTOJYYAIOTCS ClIeayIomue GopMyJibl I pacuera

BEJINYMH a U b:
nzxiyi_zxizyi zyi_azxi
i i i2 , b= T (17)
anl.z— le.

n
_72 =72 y
rne x; =/, y; =1y, n— KOJINYECTBO U3MEPECHUM.

1y

a

CraHgapTHBIC OMIMOKHA JTHX BEIMYUH PACCUMTHIBAIOTCS COOTBETCTBEHHO IIO
dbopmynam:

B 2
1 nzyjz_ Zyi
i i 2

c = —-a’ |,

2
2
ny X = DX,
L i

(18).

5. lNMopsidok ebinosiHeHUsi pabomal

5.1. 3mepenue neproa mpoI0IbHbBIX KoJIeOaHHN MasTHHUKA.

5.1.1. 3anucate Hax Tabnuiel 2 3HaYeHWs m; (Macca MWIWHIpA), M, (Macca
couupel), my = 0,053 kr (macca ogHOW railku), KOTOpbIE NMPUBEICHBI HAa BEPXHEM
wiatgopme croiiku. CKkpydyuBasi railku, yCTaHOBUTh UX CUMMETPUYHO Ha CIIULE Ha
MUHAMAJIBHOM YIQJICHUH OT OCH IUIUHAPA /[mip. OTKIOHWB IWJIWHIP B BEPTHKAJb-
HOM HampaBJeHUU, Oe3 MOBOPOTA BOKPYT €ro OCH, Ha Majioe pacctosiHue (2 + 3 cM),
IPUBECTU CUCTEMY B COCTOSTHUE MPOJOJbHBIX (BEPTHUKAJIbHBIX) KojiebaHui. M3me-
PHTB 110 CEKYHIOMEPY NOoNHOe BpeMs 10 mepromoB KoneOaHui . 3anmcarh Mmoiy-
YEeHHOE 3Ha4YCHUE Nepruona koneoanni Iy, = ty,1/10 0e3 okpyrienus B Tadbmuiy 2.

5.1.2. TloBTroputhk u3Mmepenus 1o m.5.1.1. eme 5 pa3 ¢ 3anuChiO0 pe3ybTATOB
Tipr= Thps B TAONHIY 2.

5.2. VI3amepenue neprojia KPyTHIBHBIX KOJIeOaHUN MasTHUKA
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5.2.1. 3anucaTh MOJIOKEHUE TaCK Ha CTule /| = [, B Tabauiy 3 (peKOMEeHIyeT-
Csl BHIOMPATD 1IeJIOUHMCIICHHbIE 3HaUeHus s /) B cM). [Ipu onpeaenennn BeUMUUHBI /)
HE0OXOIMMO YUYHUTHIBATh pa3Mmep raek (4 =1 cM) U OTCUET BECTH OT CEPEIUHBI TalKH.
[ToBepnyB munuHap Ha Manblid yroa (20 + 30°) Bokpyr ero ocu, 6€3 CMEIICHUS B
BEPTUKAILHOM HAMpPAaBICHUH, TPUBECTU CUCTEMY B COCTOSTHUE KPYTHJIBHBIX KoJieOa-
Huii. 3MepuTth no cexynaomepy nonsoe spems 10 nepruonoB koneOaHui t, ;. 3anu-
caTh MOJIyY€HHOE 3HAYEHUE MEPUOJa KPYTUIbHBIX KoneOaHui T, = t,1/10 6e3 ok-
pyriaeHus B Tadiuiy 3.

5.2.2. TlpoBecTH aHAJIOTHMYHBIC M3MEPEHUS I JPYTUX CUMMETPUYHBIX IOJIO-
KEHUH TaeK /; Ha cruIle, BCAKHUI pa3 cMemas X Ha 2CM OT OCH IUJIUHIpPA. 3aHECTH

TIOTy4€eHHbIE 3Ha4eHus /; U T,y ; B TaOIMIy 3.
H[ZI/IMe‘IaHI/IeZ IIpU BO3HHUKHOBCHHU OueHui HU3MCPCHUsA CICAYCT NPOBOAUTH, HC 06pama;1
BHHUMaHHA HA MCIJICHHBIC USMCHCHUA aMIUIUTYIbl KPYTHUJIBHBIX KOJ'Ie6aHI/II/I.

6. O6pabomka pe3ysibmamoe usMmepeHul u oghopmsieHue omyéma

6.1. Onpenenenre Npo10ILHON )KECTKOCTHU MPYKUHbI

6.1.1. Paccuurats o ¢popmyie (8) MosHy0 Maccy MasiTHUKA (BKIItOUas CIHILY C
raiikamu). 3anucarh MOJy4YEHHOE 3HAYCHUE Ha/I TaOIuIei 2.

6.1.2. Tlo manHBIM TAOMUIBI 2 paccyUTaTh CpeAHEE 3HAYCHHE TEepHojia Mpo-

L = 1 o
JIOJIBHBIX KOJIeOaHWUIA ];p :—Z];pl. , TIe n = 6 — 4uciio u3MepeHui. 3anucarh pe-
n-s ’

3yJbTaT 0€3 OKPYIJIEHHS] B COOTBETCTBYIOILYIO TUEHKY TaOIHILIBI 2.
6.1.3. PaccuuTaTh IpOJOJIbHYIO XKECTKOCTh MPYKUHBI IO hopmyiie (12):

4’ m

L,
3aMeuaHue: NoCIeAyoIUe pacyeTsl 1o 1.1. 6.1.4-6.1.5 MOKHO CyLIECTBEHHO yIIPOCTHUTH, €C-
7 (110 COTJIACOBAHUIO € MPENOJaBaTeIeEM) UCIIOIb30BaTh BO3MOXKHOCTH pabOThI C Ta0IMIIAMU
B Microsoft Excel. [l 3Toro HeoOXoauMo BOWTH B JupekTopuio «O0paboTka pe3ynbTaToB
JIP», pacnoyio)keHHYI0 Ha pabodeM cToje J1adOopaTOPHOrO KOMIBIOTEPA, M OTKPBITH (aiii
«Pacuer cranmapTHOi ommOKku.xIs». 3aTeM BBeCTH B siueiiKU TaOIMIIBI MOJTYUYEHHBIE B HKCIIE-
PUMEHTE BETHYHMHBI X;= Tip1 = Tpps. 3aIIMCaTh PE3yJIbTaT KOMIIBIOTEPHOIO pacyeTa B J1abopa-
TOPHBIN KypHaJI.

6.1.4. PaccunTarh BeIMYUHBI OTKIIOHEHUS OT CpPCOHCTO T

Tp,i

~T,)*. 3amucaTs pe3ynbTaTsl 0e3 OKPYIVICHHS] B COOTBETCTBYIOIIME CTOJOLIBI

— ZLP Y UX KBaJpaThbl

(Tnp,i
Ta0IuLeI 2.
6.1.5. Paccunurarh cpegHEeKBaAPaTUIHYIO MMOTPEITHOCTH (CTaHIAPTHYIO OIIHOKY)

U3MEpEHHU Mepro/ia MPOA0IbHBIX Kojebanuii no hopmyie

= =) T, . -T. ) .
GT I’l(l’l _1);( p,i np)




10

[IpuHATH 3a MOrPEIIHOCTh U3MEPEHUS MEepHOoJa MPOJOJIbHBIX KOoJeOaHUN cTaHAapT-
HYIO TIOTPEUIHOCTS, T.€. ATy, = 67 . 3anKcarh NOIYIEHHOE 3HAYEHUE C TOYHOCTBIO HE

OoJiee IBYX 3HaUaIUX HUdp B Tadnuiy 2.
3amevanue. [locieqHee 03HaYaeT, YTO MBI IPUHSIIA BEJIMYMHY TOBEPUTEIBHOI BEPOSITHOCTH
(HagexxHoctH u3Mepenus) P = 0,68 (68%), a koapduuuent Creronenra tp, = 1,0 npu n = 6
(1151 yripouieHusl, BMECTO TaOIMYHOTo 3HaueHus fp, = 1,2).
6.1.6. PaccunTaTh NOTpeIHOCTh ONPEACICHUS TPOIOIBHOMN )KECTKOCTU MPYKH-

HBI TI0 popmyIie

g >

T

np

2 AT
A=k -8k=k (A—mj+4 mp

m

rjie IPUHATE Am = \/(Aml ) +(Am,)" =p, 20,014 kr (p, = 0,01 kr — neHa fere-

HUA 1a00paTOPHBIX BECOB). 3amucaTh MOJTYUYCHHbIE PE3YIbTaThl B Ta0IUIly 4 B CTaH-
napTHoit hopme k £ Ak.

6.2. Onpenenenne KPyTHUIbHON KECTKOCTH MPYKUHBI U MOMEHTA WHEPIUU Ma-
SATHUKA

6.2.1. Paccuutarh u 3anucarh 0€3 OKpPYTJIEHHUS B COOTBETCTBYIOIIHME SUYCHKH

2
Tabuipl 3 3Havenus x, =1 u y, =T

Kp,i °

6.2.2. HanecTu 3Hau€HUs SKCIIEPUMEHTAIBHBIX TOYEK Ha KOOPAMHATHYIO TJIOC-
2 2 2 2
kocts T ot [°. IloctpouTs rpaduk 3aBucumoct T - (l ), pOBe MPSIMYIO JIMHUIO

BHJA y=ax+ b Tak, YTOOBI 9KCIICPUMCHTAJIbHBIC TOYKH OBLIM OT HeC HAa MUHUMaJb-

HBIX PACCTOSHUSAX IO Pa3HbIe CTOPOHBI. [Ipom3BeCTH M3MEpPEHUS BEIMYMH MOMEHTA
WHEPIMHU [MIJIMHIPA CO CIHIEH W KPYTHIBHOW JKECTKOCTH TPY>KUHBI TpaduueCKuM
MeToZIoM (cM. mosicHeHus K puc. 3 u dopmyisl (15) u (16)). 3anucate B Tabnuiy 4

IOy YEHHBIE PE3YIAbTATHI KaK [or, U Gip.

3ameuaHue: nocienyonme pacuersl M.1.6.2.3-6.2.5 MOXKHO TaKXe CyILECTBEHHO YIPOCTHUTb,
ecsy (10 COrJacOBaHHUIO € MpenojaBaTesieM) HCIOIb30BaTh BO3MOXHOCTU PabOTHI ¢ TaONMIIaMU B
Microsoft Excel. lns aToro Heo6xoaumo OTKpbITh nanky «O0paboTka pesyinbratoB JIPy», pacmo-
JIOKEHHYIO Ha paboueM croiie J1abopaTopHOTO KOMITBIOTEpa, M OTKPBITH (aitn «Pacuer y=ax+b
MHK xls». 3aTeM pyKOBOJCTBOBaTbCS MIPUBEACHHBIMHU B (haiiyie OSACHEHUAMHU.

2 2
6.2.3. Paccuurtats x;, y;, Xy, 4 3alHMCaTh Pe3yibTaThl 0€3 OKPYIJIEHHUS B OC-
TaBIIIHECS CTOJOLBI TaOIUIIBI 3.
6.2.4. IIpou3BecTd CyYMMHPOBAHME BEJIMYMH B Ka)XXJOM K3 MATH MOCJIEIHUX

CTOJIOIIOB TAOIHUIIBI 3 (in, Z Vi le.z , Z yl u in ¥, ) U 3aIMcaTh PE3yJIbTaThl

B IIOCJIEIHEN CTPOKE.

6.2.5. Paccuutath 3Hauenus a, b, o, U G, METOJOM HAaUMEHBIIINX KBaJPaTOB MO
dbopmymnam (17) u (18).

6.2.6. [IpuHATH B KaUueCTBE MOTPEITHOCTEH (OMMMO0K) ONpeIeTICHUSI BETUINH d U
b coOTBETCTBYIOIINE CTaHAAPTHBIE OMIMOKY, T.€. Aa = 6, U Ab = G, (cM. 3aMe4aHue

K 1. 6.1.5). Pe3ynpTaTel 3anucaTh B Tabnuily 4 B crannapTHoit popme a = Aa, b = Ab.
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[Ipu 3anucu pe3ynbTaToB HEOOXOAUMO OKPYIJIUTH BEIMYMHY OUIMOKH 10 OJAHOW—
nByx 3Havamux udp. [ocnenqnue uudpel 3HadeHU BeTUYUH a@ U b JOHKHBI OBITH
TOTO € pa3psAjia, YTO U B UX HOTPEUTHOCTH.

6.2.7. Paccuutath o popmynam (15) u (16) 3nauenuss G u I,.

6.2.8. Paccuntath OTHOCUTENBHBIC OTPEIIHOCTH U3Mepenust G u [, mo Gpopmy-

1am
2 2 2
5G =25 _ (&j +| Ay : 810=%= (A—bj +(£j
G a m, 1, b G

1 COOTBETCTBYIOUIME NorpemHocTH AG =G -0G u Al =1 -6/,. Cuurats, 9to Amg =

Pm = 0,001 kr (p,— 1eHa AeneHus: 1a00PaTOPHBIX BECOB, UCTIOIB30BAHHBIX MIPH OMpPE-
JIeTICHUH MacChl Taek). 3amucaTth MoJIydeHHbIE pe3yabTaThl B Ta0nuily 4 B cTaHIapT-
Holl popme G AG u I, £ Al,.

6.2.9. I1o noay4eHHBIM pe3ybTaTaM dKCIIEPUMEHTA CJ1€JIaTh BHIBO/IBI.
7. Bonpocbi Onsi donycka K nabopamopHoli pabome

I. Kakue cumbl Ha3bpIBatOTCS yIPyrumMu?

2. JlaiiTe onpeaencHUs MOMEHTA CUJIbI, MOMEHTA UMITYJIbCa MaTepUATbHON TOY-
KW, MOMEHTa MHEPIIUH Tela.

3. IlosicHuTe pOJIHh MOMEHTA MHEPIIUH BO BpaIlaTeIbHOM JABHKCHUU.

4. 3anuumute GopMyITy MOMEHTA UMITYJIbCa TBEPJIOTO TEJIa OTHOCUTENIBHO OCH.

5. 3anummuTe ypaBHEHHE TUHAMHUKHU BpalaTEIbHOTO ABMKEHUS TBEPAOTO Tella B
oO1eM ciryyae ¥ MPUMEHHUTENbHO K 1a00paTOpHOM yCTaHOBKE.

6. 0T KaKkux MapaMeTpPOB CUCTEMBI 3aBUCST MEPHUOJBI MPOJIOIbHBIX U KPYTUIIb-
HBIX KOJIeOaHUH rpy3a Ha MpYyXUHE B IaHHOW JTabopaTopHoi padote? [louemy nepu-
O]l IPOJOJBHBIX KOJIEOAHUM HE M3MEHSIETCS MPHU CMEIEeHUH Taek no cnune? Kakum
00pa3oM MOXHO PEeryJIUpOBaTh MEPUOJ KPYTUIBHBIX KOJeOaHH B 1a00opaTOpHOM yc-
TaHOBKeE?

7. OOBsICHUTE, KaKUM O0pa30M 3KCHEPUMEHTAIBHO OMPENENSIeTCS KPYTUIbHAS
KECTKOCTh MPYXUHBI? B uem 3akmouaeTcst GU3NYECKUN CMBICT 3TOTO MapaMerpa u
KaKoBa €ro pa3MepHOCTh?

8. Jlumepamypa

1. CaBenbeB U.B. Kypc o6mieit pusuku. Ku. 1. M.: Hayka, 1998 r.
2. CaenbeB U.B. Kypc dusuku. T. 1. M.: Hayka, 1989 r.
3. Tpodumona T.U. Kypc ¢uszuku. M.: Beiciias mkona, 1990 r.
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Tabmuna 2
m;=.... K,my=... Kr,my=0,053 kr,m=... xr, 5, =0,014 kr.
l Tnp,i Y Tnp,i - Tnp’ c (Tnp,i - Tnp)2 ’ C2
1
2
3
4
5
6
— — \2
ZTnp,i - Z(Y;p’. Hp) =.
7-1"Ip = ATnp =07 =
Tabnuma 3
my = 0,053 xr
i L, Toi | x, =, | y = T, x7, v, XV
M C C2 M4 C4 1\/[2-(;2
1
2
3
4
5
6
Cyu Lx;= 2y Zl:xf = Z yl = le. Y, =
Tabnuia 4
[TpononpHBIC KOTEOAHVS
TIpoI0TbHAS KECTKOCTh MPYKUHEL | k=...% ... H/M
KpyTuiibHble KOJeOaHus
['paduyeckmii MeTon HaMMEHBIINX
METO]T KBaJIpaTOB
KoaddunmenT nakinona awp=. .. (c/M)° a=...%t... (cm)
y-TIiepeceyeHue bp=... ¢ b=...=... ¢
KpyTunbHas )xecTkocTh npyxunsl | G, =... Hwm =...f... Hm
MomeHT wnHepuMM UIMAMHApPA €O | Ipp =. . .. KI*M L=....£.. koM
(910511 (S)7
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